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histocompatibility complex (MHC) class II molecules on the 
surface f antigen-presenting cells to media t fficient 
cellular immune response interactions. In man, CD4 is also 
the target of interaction with the human immunodeficiency 
virus (HIV) . 

5 

HIV infects primarily helper T lymphocytes and 
monocytes/macrophages, cells that express surface CD4 , 
leading to a gradual loss of immune function which results 
in the development of the human acquired immune deficiency 
syndrome (AIDS) . The initial phase of the HIV replicative 
cycle involves the high affinity interaction between the HIV 
exterior envelope glycoprotein gp!20 and surface CD4 (Kd 
approximately 4 x 10" 9 M) (2) . Several lines of evidenc 
demonstrate the requirement of this interaction for viral 
infectivity. In vitro, the introduction of a functional 
cDNA encoding CD4 into human cells which do not express CD4 
is sufficient to render otherwise resistant cells 
susceptible to HIV infection (3) . In vivo, viral infection 
appears to be restricted to cells expressing CD4 . Following 
the binding of HIV gp!20 to cell surface CD4 , viral and 
target cell membranes fuse, resulting in the introduction of 
the viral capsid into the target cell cytoplasm. 
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Characterization of the interaction between HIV gpl20 and 
CD4 has been facilitated by the isolation of cDNA clones 
25- encodihg~both ""norecules~(4" , "5")~~~ CD4~- is a nonpolymorphic ; - 
lineage-restricted cell surface glycoprotein that is a 
member of the immunoglobulin gene superfamily. High-level 
expression of both full-length CD4 and truncated, soluble 
versions of CD4 (sCD4) have been described in stable 
expression systems. The availability of large quantities of 
purified sCD4 has permitted a detailed understanding of the 
structure of this complex glycoprotein. Mature CD4 has a 
relativ molecular mass (Mr) of 55 kilodaltons and consists 
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blocks the intercellular spread of virus from HIV-infected 
cells to uninfected cells by inhibiting virus-mediated cell 
fusion (l, 13) . 

In addition to in vitro results, experiments with sCD4 in 
simian immunodeficiency virus (SIV) -infected rhesus monkeys 
have been described. These studies demonstrated that 
administration of 2 milligrams (intramuscular) of sCD4 for 
28 days to SIV-infected rhesus monkeys led to a decreased 
ability to isolate virus from peripheral blood lymphocytes 
and bone marrow. In addition, the growth of granulocyte- 
macrophage and erythrocyte progenitor colonies in the bone 
marrow returned to normal levels. These data suggest that 
administration of sCD4 to SIV-infected rhesus monkeys leads 
to a diminution of the viral reservoir. 

Phase I human clinical trials demonstrated that there is no 
significant toxicity or immunogenic ity associated with 
administration of sCD4 at doses as high as 3 0 mg/day. 
Pharmacokinetic studies revealed the serum half-life of sCD4 
to be 45 minutes following intravenous administration, 9.4 
hours after intramuscular dosing, and 10.3 hours after the 
drug was given subcutaneously (14, 15). Preliminary 
antiviral studies were inconclusive with respect to CD4 cell 
count and levels of HIV antigen. Because the maximum 
tolerated dose was not reached, the antiviral effect of sCD4 
may Yave been under est imat ed espec ia-1 1-y- in - 1 ight^o f _ recent _ 
data concerning differences in sCD4 concentrations required 
to "inhibit laboratory strains of HIV-1 compared to primary 
viral isolates (16) . 

Although these in vitro, primate, and human clinical studies 
with sCD4 have produced encouraging results, they have also 
defined several limitations. First, the measured serum 
half -life of sCD4 is relatively short. Second, sCD4 is 
monovalent with respect to gpl20 binding in contrast with 
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d velopments combining the t chniques of molecular genetics 
with monoclonal antibody technology has lead to th 
production of "humanized" chimeric antibodies in vitro. In 
these chimeric antibodies, the variable domains of human 
immunoglobulin heavy and light chains are replaced with 
specific heavy and light chain variable domains from a 
murine monoclonal antibody (17-19). The result of this 
genetic manipulation is a molecule with specificity for a 
particular antigen and the characteristics of human 
immunoglobulins . 

Sequence and structural analyses of CD4 indicate that the 
four extracellular domains are immunoglobulin- like. Since 
the Fc portion of immunoglobulins controls the rate of 
catabolism of the molecules (serum half -life ranging from 14 
to 21 days) and provides various effector functions, several 
reports describe the replacement of variable and constant 
domains of immunoglobulins with the immunoglobulin-lik 
domains of CD4 (21-24). 



CD4-IgGl heavy chain fusion proteins resulting in chimeric 
gammal heavy chain dimers have been described (21) . These 
molecules contain the gammal heavy chain CHI domain in 
addition to the hinge, CH2 and CH3 domains. However, heavy 
chain assembly and secretion from mammalian cells is less 
efficient if the CHI domain is expressed in the absence of 
Tight chains" (25) . Subsequently, a CD4-IgGl heavy chain 
fusion protein lacking the CHI domain and the first five 
amino acids of the hinge region was described which was 
secreted to high levels (22) . These fusion proteins retain 
various effector functions of immunoglobulin molecules, such 
as Fc receptor binding, antibody-dependent cell-mediated 
cytotoxicity (ADCC) toward HIV-l-inf ected cells, and 
placental transfer via an Fc receptor-dependent mechanism 
(22) . CD4-IgM heavy chain fusion proteins have also been 
described (26) . In addition, CD4-IgGl fusion proteins have 
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been described wherein th V1V2 domains f CD4 are fused to 
the CHI, hinge, CH2 and CH3 d mains of a gammal heavy chain, 
and wherein the V1V2 domains of CD4 are fused to th 
constant domain of a kappa light chain (29) . 

Fusion proteins linking CD4 to toxins have also been 
constructed and tested for their ability to kill HIV- 
infected cells. In one study, sCD4 was coupled to the 
deglycosylated A chain of ricin which inactivates ribosomes, 
therefore inhibiting protein synthesis and killing the cell 
(27) . This fusion protein was reported to specifically lyse 
cells infected with five different isolates of HIV, but was 
nontoxic to uninfected cells. In another study, the V1V2 
domains of CD4 were coupled to domains II and III of 
Pseudomonas exotoxin A (28) . This fusion protein was 
reported to specifically bind and inhibit protein synthesis 
in cells expressing the HIV envelope glycoprotein gpl20 
(25) . 

We have now discovered that a specific CD4 -gammal chimeric 
heavy chain homodimer provides advantages relative to those 
CD4-IgGl heavy chain homodimers which have been describ d 
more than one year ago. Specifically, we have constructed 
a CD4 -gammal chimeric heavy chain homodimer which contains 
the V1V2 domains of CD4 and which is efficiently assembled 
intracellularly and efficiently secreted from mammalian 

cell's "as a "homodimer, enabling high recovery- and 

purification from the medium of cells expressing this 
chimeric heavy chain homodimer. To construct this 
homodimer, we have used the entire hinge, CH2 . and CH3 
domains from a human gammal heavy chain, which results in a 
chimeric molecule containing the constant domains of a human 
IgGl molecule responsible for dimerization and efficient 
secretion. This is in contrast to the heavy chain dimers 
described by Capon and Gregory (20) which include the CHI 
domain in the CD4-IgGl heavy chain dimer, resulting in poor 
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BuiMii^r Y of the Inv ntion 

This invention provides an expression vector encoding a CD4- 
gammal chimeric heavy chain homodimer. This invention also 
provides an expression vector encoding the heavy chains of 
a CD4-IgGl chimeric heterotetramer . Finally, this invention 
provides an expression vector encoding the light chains of 
a CD4-IgGl chimeric heterotetramer. 
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letter code) . The protein d mains are indicated above the 
sequences by arr ws . 

Figure 5 ; DNA and predicted protein sequence of a CD4 -kappa 
chimeric light chain of the CD4-IgGl chimeric 
heterotetramer. The numbers at the end of each line 
indicate the nucleotide positions. The numbers above each 
line indicate the amino acid positions (given in single 
letter code) . The protein domains are indicated above th 
sequences by arrows. 

Figure 6 : Secretion of CD4 -gamma 1 chimeric heavy chain 
homodimer from transfected cells. Cos-M5 cells were mock 
transfected, transfected with CD4-IgGl-pcDNAl DNA, r 
transfected with CD4-gamma2 chimeric heavy chain mammalian 
expression vector DNA. At 48-72 hours post-trans feet ion, 
the cells were radiolabelled with 35 S-methionine. 
Radiolabelled medium was precipitated with Protein-A 
sepharose beads. The precipitated proteins were analyzed by 
SDS-PAGE under reducing or non-reducing conditions and were 
visualized by f luorography • Lane M, medium from mock 
transfected cells; Lane 1, medium from cells transfected 
with CD4-IgGl-pcDNAl DNA; Lane 2, medium from cells 
transfected with CD4-gamma2 chimeric heavy chain mammalian 
expression vector DNA. 



Figure 7 : Precipitation of— HIV- 1 gpl20 with CD4 -gamma 1- 

chimeric heavy chain homodimer. Cos-M5 cells were mock 
transfected, transfected with the CD4-IgGl-pcDNAl , or 
transfected with CD4-gamma2 chimeric heavy chain mammalian 
expression vector DNA. At 48-72 hours post transf ection, 
unlabel led aliquots of medium were incubated with an aliquot 
of 35 S-methionine-labelled gpl2 0. The complexes were 
precipitated with Protein A-sepharose beads. The 
precipitates were then analyzed by SDS-PAGE followed by 
f luorography . Lane M, medium from mock transfected cells; 
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yioure 11 : Purification of CD4-gammal chimeric heavy chain 
h modimer. Stable CHO cells c nstitutively seer ting CD4- 
gammal chimeric heavy chain homodimer were grown in roller 
bottles. Conditioned medium was passed over a Protein A- 
sepharose column and bound material was eluted from the 
column (see Figure 8) • The peak fractions were then pooled 
and passed over an S-sepharose column. After extensive 
washes, the CD4 -gamma 1 chimeric heavy chain homodimer was 
eluted with 50mM BES pH 7.0, 500mM NaCl/ The peak fractions 
were identified by SDS-PAGE followed by silver staining and 
pooled. The purified protein was then analyzed by SDS-PAGE 
under non-reducing and reducing conditions followed by 
silver staining. Lane 1: approximately l.S^g protein run 
under non-reducing conditions, Lane 2: approximately 1.5/xg 
protein run under reducing conditions. 

Figure 12 : Secretion of CD4-IgGl chimeric heterotetramer 
from stably transfected cells. CHO cells stably expressing 
both CD4-IgGl chimeric heavy chains and CD4 -kappa chimeric 
light chains were radiolabeled with 35 S -methionine and 
cysteine. Radiolabelled medium was precipitated with 
Protein-A sepharose beads. (A) The precipitated proteins 
were analyzed by SDS-PAGE under non-reducing conditions, and 
were visualized by f luorography . Lane 1: medium from 
untransfected CHO cells, Lane 2: medium from cells stably 
expressing both the CD4-IgGl chimeric heavy chains, and CD4- 
kappa chimeric light chains . (B) An identical- sample _to 
that run in lane 2 from (A) was run on SDS-PAGE under non- 
reducing conditions. The lane from this SDS-PAGE gel was 
excised and the proteins reduced by incubation of the gel 
slice for 45 minutes at 4*C in equilibration buffer (62.5 mM 
TrisHCl pH 6.8, 2.3% SDS, 5% 6-mercaptoethanol , 10% 
glycerol) . After incubation of the gel slice under reducing 
conditions, the proteins contained within the gel were 
analyzed by SDS-PAGE and visualized by f luorography . 
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s lected by introducing on or more mark rs which allow 
selection of transfected h st cells. The marker may provide 
for prototrophy to an auxotrophic host, biocide resistance, 
e.g., antibiotics, or resistence to heavy metals such as 
copper or the like. The selectable marker gene can be 
either directly linked to the DNA sequences to be expressed, 
or introduced into the same cell by cotransf ormation. 
Additional elements may also be needed for optimal synthesis 
of mRNA. These elements may include splice signals, as well 
as transcriptional promoters, enhancers, and termination 
signals. The cDNA expression vectors incorporating such 
elements include those described by Okayama. (32) 

Thus, the invention further provides a method of producing 
a CD4 -gamma 1 chimeric heavy chain homodimer. This method 
comprises 

a) transfecting a mammalian cell with an expression 
vector for producing the CD4 -gamma 1 chimeric heavy 
chain homodimer; 

b) culturing the resulting transfected mammalian cell 
under conditions such that CD4-gammal chimeric 
heavy chain homodimer is produced; and 

c) recovering the CD4 -gamma 1 chimeric heavy chain 
homodimer so produced. 

"Once the vector or^DNA sequence con1^iTring _ the~ constructs" 

has been prepared for expression, the expression vectors may 

be transfected or introduced into an appropriate mammalian 

cell host. Various techniques may be employed such as 

protoplast fusion, calcium phosphate precipitation, 

electroporation or other conventional techniques. In th 

case of protoplast fusion, the cells are grown in media and 

screened for the appropriat activity. Expression of the 

gene(s) results in production of the fusi n protein which 

corresponds to one chain of the CD4-gammal chimeric heavy 
35 
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administering th homodimer are well known in the art and 
includ , merely by way of example, subcutaneous, 
intramuscular and intravascular injection, alone or in 
combination with other agents such as AZT or DDI. 

Further provided is a method of treating a subject infected 
with HIV so as to block the spread of HIV infection which 
comprises administering to the subject an amount of the CD4- 
g animal chimeric heavy chain homodimer in an amount which is 
effective to block the spread of HIV infection. 

For example, the homodimer may be administered to patients 
having HIV infection at a dosage capable of maintaining a 
concentration of greater than about 100 ng of CD4-gammal 
chimeric heavy chain homodimer/ml plasma. For CD4-gammal 
chimeric heavy chain homodimer variants having different 
molecular weights, about 2 picomoles of soluble receptor per 
ml of plasma, an amount for example, sufficient to establish 
a stoichiometric equivalence with native (membrane bound) 
and soluble receptor is administered. Typically, the dosage 
of soluble CD4 is about 100 Mg/kg of patient weight/day. 

The foregoing method may be used to help prevent the spread 
of the HIV virus within the body of a HIV infected patient. 
Additionally, CD4 -gamma 1 chimeric heavy chain homodimer may 
be administered as a prophylactic measure to render a 
subject's blood less susceptible to the spread o f t he HIV 
virus. Such prophylactic administration includes 

administration both prior to HIV contact or shortly 
thereafter, or both. 

A pharmaceutical composition which comprises the CD4-gammal 
chimeric heavy chain homodimer of this invention in an 
amount effective to inhibit HIV infection of a CD4+ cell and 
a pharmaceutical ly acc ptable carrier is further provided. 
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detectabl marker) one may identify cells which are infected 
with HIV. Examples of conventional detectable markers 
includes radioisotopes such as 1125, chromophores , and 
f luorophores . 

Thus, the chimeric heavy chain homodimer of the invention 
may be used in an assay for HIV or SIV viral infection in a 
biological sample by contacting a sample derived from an 
animal suspected of having an HIV or SIV infection, with the 
homodimer of the invention, and detecting whether a complex 
forms with gpl20, either alone or on the surface of an HIV- 
infected cell. For this purpose the homodimer may be 
labeled with a detectable marker or may be unlabeled and 
then be detected with another reagent which is detectably 
labeled and is specifically directed to the homodimer or to 
a complex between it and gpl20. 

For example, a biological sample may be treated with nitro- 
cellulose, or another solid support which is capable of 
immobilizing cells, cell particles or soluble protein. The 
support may then be washed with suitable buffers followed by 
treatment with the chimeric heavy chain homodimer which may 
be detectably labeled. The solid phase support may then be 
washed with buffer a second time to remove unbound fusion 
protein and the labeled homodimer detected. 

In carrying out the assay the following steps may -be 
employed. 



a) contacting a sample suspected of containing gpl20 
with a solid support to effect immobilization of 

30 gpl20, or cells which express gpl20 on their 

surface ; 

b) contacting said solid support with the det ctably 
labeled chimeric heavy chain homodimer of the 
invention; 

35 
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contacting a mixture obtained by contacting a 
sample suspected f containing gpl20 with a 
homodimer of this invention, and the Fc portion of 
an immunoglobulin chain, with an Fc binding 
molecule, such as an antibody, protein A, or 
protein G, which is immobilized on a solid phase 
support and is specific for the homodimer, to 
obtain a gpl 20 -homodimer immobilized antibody 
complex, 

washing the solid phase support obtained in step 
(a) to remove unbound homodimer; and 
detecting the homodimer. 

Of course, the specific concentrations of unlabeled or 
detectably labeled homodimer and gp!20, the temperature and 
time of incubation, as well as other assay conditions, may 
be varied depending on various factors including the 
concentration of gpl20 in the sample, the nature of the 
sample, and the like. Those skilled in the art are readily 
able to determine operative and optimal assay conditions for 
each determination. 

Also provided is an enzyme-linked immunoadsorbent assay 
(ELISA) to detect and quantify soluble CD4 (sCD4) or CD4 
chimeric proteins. In carrying out the assay, the process 
comprises: 

a) contacting a "sample containing sCD4 with a solid 
support to immobilize soluble sCD4 ; 

b) contacting said solid support with the detectably 
labeled monoclonal antibody OKT4a alone, or with a 
sample containing sCD4 or CD4 chimeric proteins and 
OKT4a ; 

c) incubating said detectably labeled OKT4a containing 
media for sufficient time to allow for binding to 
immobilized SCD4 ; 
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Methods of cotransfecting mammalian cells are well known in 
th art and include thos discussed her inabove. Similarly, 
expression vectors encoding light chains are well known in 
the art. 

The invention additionally provides a method of producing a 
5 CD4-IgGl chimeric heterotetramer which comprises: 

a) cotransfecting a mammalian cell with the expression 
vector for producing the light chains of a CD4-IgGl 
chimeric heterotetramer and with an express i n 
vector encoding an IgGl heavy chain; 

b) culturing the resulting cotransfected mammalian 
cell under conditions such that a CD4-lgGl chimeric 
hetero-tetramer is produced; and 

c) recovering the CD4-IgGl chimeric heterotetramer so 
produced. 
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Further the invention provides a method of producing an CD4- 
IgGl chimeric heterotetramer which comprises: 

a) cotransfecting a mammalian cell with the expression 
vector for producing the heavy chains of a CD4-IgGl 
chimeric heterotetramer and an expression vector 
for producing the light chains of a CD4-IgGl 
chimeric heterotetramer; 

b) culturing the resulting cotransfected mammalian 
cell under conditions such that the CD4-IgGl 
chimeric heterotetramer is produced; and 

c) recovering the CD4-IgGl chimeric heterotetramer so 
produced . 



The invention also includes a method of inhibiting HIV 
infection of a CD4+ cell which comprises treating the CD4+ 
cell with either a CD4-IgGl chimeric heterotetramer, the 
heavy chains of which are encoded by the expression vector 
designated CD4-IgGlHC-pRcCMV; a CD4-IgGl chimeric 
heterotetramer, the light chains of which are ncoded by th 
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heterotetramer, the light chains of which ar encoded by th 
expr ssion vector designated CD4-kLC-pRcCMV, or a CD4-IgGl 
chimeric heterotetramer , both the heavy and the light chains 
of which are encoded by the above described expression 
vectors, in an amount effective to inhibit HIV infection of 
a CD4+ cell, and a pharmaceutically acceptable carrier. 

5 

Further provided by the invention is a composition of matter 
comprising either a CD4-IgGl chimeric heterotetramer, the 
heavy chains of which are encoded by the expression vector 
designated CD4-IgGlHC-pRcCMV; a CD4-IgGl chimeric 

10 

heterotetramer, the light chains of which are encoded by the 
expression vector designated CD4-kLC-pRcCMV, or a CD4-IgGl 
chimeric heterotetramer, both the heavy and the light chains 
of which are encoded by the above described expression 
vectors, and a toxin linked thereto. 

15 

In one embodiment of the invention, the toxin is the 
^glycosylated A chain of ricin, domains II or III of 
Pseudomonas exotoxin A, Diphtheria toxin, or a non-peptidyl 
cytotoxin . 

20 

The invention further provides a diagnostic reagent either 
comprising a CD4-IgGl chimeric heterotetramer, the heavy 
chains of which are encoded by the expression vector 
designated CD4-IgGlHC-pRcCMV; a CD4-IgGl chimeric 

25 

heterotetramer- the— light- chains of-which are -encoded -by-the 

expression vector designated CD4-kLC-pRcCMV ; or a CD4-IgGl 
chimeric heterotetramer both the heavy and the light chains 
of which are encoded by both of those expression vectors, 
and a detectable marker linked thereto. Examples of 

30 

suitable detectable markers are radioisotopes, chromophores 
or f luorophores . 
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Experimental Petal 1 s 

A. Materials and Methods 

1. Construct ion of CD4-oammal chimeric heavy chain gene 
encoding CD4 -gamma 1 chimeric heavy chain homodimer: 

The human CD4 cDNA was excised from the plasmid pSP6T4 (4) 
as an EcoRl/Stul restriction fragment. The 0.70 kilobase 
fragment was isolated and cloned into EcoRl/Smal digested 
M13mpl8. This intermediate vector (M13mpl8 (CD4) ) was then 
isolated, linearized with Pstl, purified, and treated with 
Bacterial Alkaline Phosphatase (BAP) • The 2.0 Kb Pstl/Pstl 
fragment from the plasmid pBr gamma 1 containing the human 
gamma 1 heavy chain gene (30), (containing the hinge, CH2, 
and CH3 exons) was isolated and cloned into the BAP-treated 
M13mpl8/CD4 vector. Resulting recombinants were then 
screened for the correct orientation of the Pstl fragment 
(with respect to the CD4 sequence) to obtain a vector which 
contains in tandem CD4 (EcoRl/Stul) - gamma 1 (Pstl/Pstl) . To 
obtain a CD4 -gamma 1 chimeric heavy chain gene, 
ol igonucleotide-mediated site-directed mutagenesis was 
performed to juxtapose the CD4 and gamma 1 heavy chain DNA 
sequences, ligating the CD4 sequence in frame to the hinge 
exon. The resulting chimeric DNA molecule encodes a protein 
containing- the -V1V2 domains of— GD4 followed by the hinge T 
CH2, and CH3 domains of gammal heavy chain (Figure 1A) . 
Mutagenesis was performed on single-stranded DNA isolated 
from recombinant phage from transformed TGI cells 
(Amersham) . Briefly, template DNA was annealed with a 34- 
mer oligonucleotide ( 5 ' -GTCACAAGATTTGGGCTCGAAAGCTAGCACCACG- 
3 1 ) , containing sequences which join the last codon encoding 
Phe(179) fr m V1V2 of CD4 to the first cod n of the hinge 
for IgGl (encoding Glu) (Figures 1A and 3). After second 
strand synthesis, doubl stranded DNA was transformed into 
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CosMS cells grown in DMEM containing 10% f tal calf serum 
were split to 75% conflu nee. On the following day, th 
cells were trans feet ed for 16-20 hours with 10 micrograms of 
CsCl -purified plasmid CD4IgGl-pcDNAl DNA by the standard 
CaPO(4) precipitation technique- After transfection, fresh 
medium was added to the cells. Analysis of the products 

5 

synthesized 48-72 hours post-trans feet ion was performed by 
radiolabelling of transf ectants with 35 S-methionine for 12-18 
hours followed by precipitation of media and cell lysates 
using anti-CD4 antibodies or by incubation with Protein A- 
sepharose beads alone followed by SDS-PAGE under reducing or 
10 non-reducing conditions (Figure 6) . In addition, analysis 
of media and cell lysates was performed 48-72 hours post- 
transfection by standard Western blotting procedures. 



b. Stable expression . 

Dhfr-Chinese hamster ovary cells (CHO) were transf ected with 
20 micrograms of CsCl purified DNA in a 1000:1 molar ratio 
of CD4IgGl-pcDNAl:p410 (p410 is an expression plasmid 
containing the dhfr gene) , although other ratios may also be 
used. Approximately 3-5 days post-transf ection, cells wer 
placed in selective medium (nucleoside-f ree alpha MEM 
containing 10% dialyzed fetal calf serum) . Approximately 
10-15 days post-selection, individual cell clones were 
picked and analyzed for stable expression of CD4-gammal 

— chimeric heavy — chain- homodimer — by — several -screening — 

techniques, such as ELISA and precipitation with Protein A- 
sepharose beads followed by SDS-PAGE under reducing and non- 
reducing conditions. Clones expressing the highest levels 
were subjected to successive rounds of amplification of the 
newly introduced DNA sequences in increasing concentrations 
of methotrexate. Stable CHO cell lines were thus generated 
which secrete between 10-100 micrograms/milliliter of CD4- 
gammal chimeric heavy chain homodimer. 
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5. Demonstration of binding of CD4-aammal chiffigrig hgpvy 
chain hom dimer Ho the HTV envelope glycoprotein crplZO: 

CosMS transfectants expressing CD4-gammal chimeric heavy 
chain homodimer were incubated for 72 hours in DMEM 
containing 10% IgG-free fetal calf serum. Unlabelled medium 
was then collected and used to precipitate 35 S-methionine- 
radiolabelled HIV gpl20. After incubation of CD4-gammal 
chimeric heavy chain homodimer containing medium with 35 S- 
methionine-labelled gpl20 f the complexes were adsorbed to 
Protein A-sepharose. Protein A-sepharose complexes were 
recovered by centrifugation, and the precipitates were 
analyzed by SDS-PAGE under reducing conditions followed by 
fluorography (Figure 7). Alternatively, aliquots of 
purified CD4-gammal chimeric heavy chain homodimer from CHO 
cells were also used to precipitate 35 S-radiolabelled gpl20 
using the same procedure. 

6. Determination of plasma half-life and placental 
transfer of CD4-aammal chimeric heavy chain homodimer: 

Determination of the plasma half -life and placental transfer 
are performed by well established techniques. Briefly, 
rabbits or monkeys are injected intravenously or 
intramuscularly with purified CD4-gammal chimeric heavy 
chain homodimer. At various time points post-injection, 

plasma samples are-taken ~ and the-quant ity-of the CD4 -gamma 1- 

chimeric heavy chain homodimer present in the serum is 
measured by ELISA. In addition, pregnant monkeys are also 
injected either IV or IM with CD4-gammal chimeric heavy 
chain homodimer and the concentration determined in the cord 

* blood and the serum of the newborn monkey. Determination 
and comparison of the quantity of the CD4-gammal chimeric 
heavy chain homodimer in the mother's serum as well as in 
the cord blood and serum of the newborn indicates the 
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used (31) . After incubation for one hour at 4 d gre s 
C lsius, the • psonized 1 virus is added to th cell types 
described in the paragraph above. At various time points 
after infection, the media is harvested and assayed for 
viral reverse transcriptase activity to determine the degree 
of viral infection. As controls, sCD4, OKT4a or Leu3a are 
included during the infection of the cells. In addition, 
various dilutions of the CD4-gammal chimeric heavy chain 
homodimer and appropriate controls are first incubated with 
the cells at 4 degress Celsius to allow binding. HIV is 
then added and infection assayed by viral reverse 
transcriptase activity. 

8. HIV binding assay: 

Binding of HIV was performed as previously described (38, 
39) . Briefly, concentrated HIV-1 preparations were 
incubated with various dilutions of sCD4, CD4-gammal, or 
CD4-gamma2, for 30 minutes and then added to 5 x 10 5 CEM 
cells. Bound virus was detected by indirect 

immunofluorescence and cytof luorography as previously 
described (39) . 



9. Neutralization assav: 



The microculture assay for productive viral replication was 

as previously - described ™( 33 , 40)". Briefly dilutions - of : - - 

sCD4 , CD4-gammal, or CD4-gamma2 were incubated for 30 
minutes with 100 TCID 50 HIV-l at room temperature. The 
mixtures were added to PHA-stimulated lymphocytes and 
incubated at 37 *C overnight. The cells were then washed and 
plated in microculture at 1 x 10 5 cells/ culture; and 10 
cultures per dilution and monitored for reproductive viral 
replication by detection of HIV antigen in culture 
supernates 8 and 12 days later. 
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to express CD4-IgGl chimeric heavy chains or CD4-kappa 
chimeric light chains (either alone or in combination) 
containing only the VI domain of CD4 were unsuccessful. 



2. Construction of CP 4-IaGl chimeric heavy chain expression 
vector and CD4-kappa chimeric light chain expression 
vector for production of CD4-IaGl chimeric 

hgterpt^traroer? - 

a. Construct ion of CD4-IaGl chimeric heavy chain mammalian 
expresgjqn vgctpr. 

The human CD4 cDNA sequence is excised from the plasmid 
pSP6T4 (4) as an EcoRl/Stul restriction fragment. The 0.70 
kilobase fragment is isolated and cloned into EcoRl/Smal- 
digested M13mpl8 . The resulting vector (M13mpl8 (CD4) ) is 
then isolated and digested with BamHl. The BamHl sites of 
the M13mpl8(CD4) are made flush ended with the Klenow 
fragment of DNA polymerase 1. After heat inactivation of 
the polymerase for 15 minutes at 65 degrees Celsius, the 
linearized M13mpl8(CD4) vector is then digested with Pstl 
and purified. 

In order to excise a fragment containing the CHI exon of th 
human gamma 1 heavy chain gene, the plasmid pBr gamma 1 (30) 
is digested with SacII , and the SacII sites are then made 
flush using T4 DNA polymerase. After heat inactivation of 
the polymerase, the fragment is then digested with Pstl. 
The resulting SacII ( flush) -Pstl fragment containing the CHI 
exon is then purified and ligated to the M13mpl8(CD4) vector 
described in the above paragraph. After transformation of 
competent TGI cells, the resulting recombinants are screened 
by restriction analysis for the presence of both CD4 and CHI 
sequences which contain in tandem CD4 (EcoRl/Stul) - CHI 
(SacII (flush) /Pstl) . Oligonucleotide-mediated sit -directed 
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nd d DNA is then ligated overnight at 15 d gr es Celsius 
with T4 DNA ligase to a 100-fold molar excess of Hindlll 
linkers. After heat inactivation of T4 DNA ligase for 15 
minutes at 70 degrees Celsius, the Hindlll -linkered DNA is 
extensively digested with Hindlll to liberate a fragment 
containing the CD4-IgGl chimeric heavy chain gene. This 
Hindlll fragment is then purified and ligated to the 
expression vector pcDNA-1 (Invitrogen) , which was previously 
digested with Hindlll and BAP treated. The resulting 
plasmid is then transformed into MC1061/P3 cells. Plasmid 
DNA is isolated from recombinant clones, and verification of 
the presence of the Hindlll insert and orientation of th 
insert with respect to the cytomegalovirus (CMV) promoter in 
the plasmid is made by restriction analysis. The resulting 
mammalian expression plasmid which encodes a CD4-IgGl 
chimeric heavy chain is designated CD4-IgGlHC-pRcCMV. 



b. Construction of a CD4-kappa chimeric light chain 
mammalian expression vector ; 

20 

The human kappa light chain constant region is excised from 
the plasmid pCNkappa light as an Msel fragment. The 
purified Msel fragment is then made flush ended using the 
Klenow fragment of DNA polymerase 1. M13mpl8 Rf is then 
linearized with Hindi, and the flush ended Msel kappa light 

25 

chain - fragment is ligated to M13mpl8 at the flush ended 

Hindi site in the vector. After transformation of TGI 
cells, the recombinants are confirmed for the presence of 
the insert and the correct orientation within the vector by 
restriction analysis. Rf is purified from infected TGI 

30 cells and digested with EcoRl and Smal. The purified vector 
containing the kappa light chain constant region is then 
ligated to the EcoRl/Stul fragment of the human CD4 cDNA 
described above. The resulting recombinants are then 
verified for the presence and orientation of both inserts 
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r suiting mammalian expression plasmid which encod s a CD4- 
kappa chimeric light chain is designated CD4-kLC-pRcCMV. 



3. Co-expression of CD4-IqGlHC-pRcCMV and CD4-kLC-pRcCMV in 
mammalian cells to produce CD4-IaGl chimeric 

a. Transient expression, 

CosMS cells grown in DMEM containing 10% fetal calf serum 
are split to 75% confluence. On the following day, the 
cells are transfected for 16-20 hours with 5 micrograms of 
CsCl purified CD4-IgGlHC-pRcCMV DNA and 5 micrograms of 
CsCl-purif ied CD4-kLC-pRcCMV plasmid DNA by the standard 
CaPO(4) precipitation technique. After transfection, fresh 
medium is added to the cells. Analysis of the products 
synthesized 48-72 hours post-transf ection is performed by 
radiolabelling of transfectants with 35 S -methionine for 12-18 
hours followed by precipitation of media and cell lysates 
using anti-CD4 antibodies or by incubation with Protein A- 
sepharose beads alone followed by SDS-PAGE under reducing or 
non-reducing conditions. In addition, analysis of media and 
cell lysates is performed 48-72 hours post-transf ection by 
standard Western blotting procedures. 

b. Stable expression . - — ...... 



Dhff-Chinese hamster ovary cells (CHO) are transfected with 
20 micrograms of CsCl purified DNA in a ratio of 1000:1000:1 
CD4-IgGlHC-pRcCMV: CD4-kLC-pRcCMV:p410 (p410 is an expression 
plasmid containing the dhfr gene) , although other ratios may 
also be used. At approximately 3-5 days post-transf ection, 
cells are placed in selective medium (nucleoside-f ree alpha 
MEM containing 10% dialyzed fetal calf serum) . At 
approximately 10-15 days post-selection, individual cell 
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CosM5 transfectants xpressing CD4-IgGl chim ric 
heterotetramers are incubated f r 72 hours in DMEM 
containing 10% IgG-free fetal calf serum. Unlabelled medium 
is then collected and used to precipitate 35 S-methionine- 
radiolabelled HIV gpl20. After incubation of CD4-IgGl 
chimeric heterotetramer containing medium with 35 S- 
5 methionine-labelled gpl20, the complexes are adsorbed to 
Protein A-sepharose. Protein A-sepharose complexes are 
recovered by centrifugation, and the precipitates are 
analyzed by SDS-PAGE followed by f luorography . 
Alternatively, aliquots of purified CD4-IgGl chimeric 
heterotetramers from CHO cells are also used to precipitate 
35 S-radiolabelled gp!20 using the same procedure. 
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6. Determination of p lasma half-life and placental transfer 
of CD4-IaGl chimeric heterotetramer ; 

Determination of the plasma half-life and placental transfer 
are performed by well established techniques. Briefly, 
rabbits or monkeys are injected intravenously r 
intramuscularly with purified CD4-IgGl chimeric 
heterotetramer. At various time points post- injection, 
plasma samples are taken, and the quantity of the CD4-IgGl 
chimeric heterotetramer present in the serum is measured by 
ELISA. In addition, pregnant monkeys are also injected 
either IV or IM with CD4-IgGl chimeric heterotetramer and 
the concentration determined in the cord blood and the serum - 
of the newborn monkey. Determination and comparison of the 
quantity of the CD4-IgGl chimeric heterotetramer in the 
mother's serum as well as in the cord blood and serum of the 
newborn indicates the relative rate of transport across the 
placenta of these molecules. 

7 . Determination of FcR binding and macrophage infectivitv 
of CD4-IgGl chimeric heterotetramer : 
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included during the infection of th cells. In addition, 
various dilutions of the CD4-IgGl chimeric heterotetramer 
and appropriate controls are incubated first with the cells 
at 4 degress Celsius to allow binding. HIV is then added 
and infection assayed by viral reverse transcriptase 
activity. 

B. Remits; 

A CD4 -gamma 1 chimeric heavy chain gene encoding a CD4 -gamma 1 
chimeric heavy chain homodimer was generated by ligating the 
leader-Vl-V2 segment of the human CD4 cDNA (4) to the hinge 
exon of the human gamma 1 heavy chain gene (30) (Figure 1A) . 
The resulting recombinant DNA molecule (designated CD4-IgGl- 
Rf) encodes the signal sequence and two amino-terminal 
immunoglobulin- like domains of the CD4 protein (the first 
179 amino acids of mature CD4) followed by the hinge (15 
amino acids), CH2 (110 amino acids), and CH3 (107 amino 
acids) regions of the gamma 1 heavy chain protein (Figure 3) . 
This recombinant DNA molecule also contains two introns 
present within the gammal heavy chain gene: between the H 
and CH2 domains, and between the CH2 and CH3 domains. This 
CD4-gammal chimeric gene was designed to encode a CD4 -gammal 
chimeric heavy chain homodimer which specifically lacks the 
CHI domain of the gammal heavy chain. Expression of the CHI 
domain without accompanying light chains prevents efficient 
heavy chain secretion from mammalian cells (25) . 

In the CD4 -gammal chimeric heavy chain homodimer, the hing 

region of one chain contains three cysteine residues, 

affording the potential of three interchain disulfide bonds 

(Figure IB) . In contrast, naturally-occurring human IgGl 

contains two interchain disulfide bonds between the gammal 

heavy chains; the amino-terminal cystein in the gammal 

hinge region is disulfide bonded to the final cysteine in 

the light chain constant regi n, while the two remaining 
35 
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Mr of approximately 94 kilodaltons. Taken together, these 
results demonstrate that th CD4-gammal chimeric heavy chain 
is produced and secreted as a homodimer of the predicted 
molecular weight. 

The above results demonstrate that the Fc portion of CD4- 
gammal chimeric heavy chain homodimer, encoded by the 
constant regions of the gamma 1 heavy chain gene, binds 
Protein A and is therefore functionally active. In order to 
determine if the CD4 portion is functionally intact, CD4- 
gamma 1 chimeric heavy chain homodimers were assayed for 
their ability to bind to the HIV exterior envelop 
glycoprotein, gpl20 (Figure 7) . Unlabelled medium from 
CosM5 cells transfected with CD4-IgGl-pcDNAl DNA was 
incubated with 35 S-methionine-labelled gpl20. CD4-gammal 
chimeric heavy chain homodimer/ gpl20 complexes were 
precipitated by incubation with Protein A-sepharose beads, 
and the precipitates were analyzed by SDS-PAGE under 
reducing conditions followed by f luorography . These results 
demonstrate that the CD4 -gamma 1 chimeric heavy chain 
homodimer efficiently recognizes HIV gpl20 and binds with 
high affinity. These observations, taken together with the 
results described in the above paragraph, demonstrate that 
CD4-gammal chimeric heavy chain homodimer contains 
functionally active regions of both CD4 and gamma 1 heavy 
chain. 

In order to stably produce large quantities of the CD4- 
gammal chimeric heavy chain homodimers, the CD4-IgGl-pcDNAl 
vector was cotransf ected with the plasmid p410 (encoding the 
enzyme dihydrof olate reductase (dhf r) ) into dhf r-Chinese 
30 Hamster Ovary (CHO) cells. Approximately two weeks post- 
transf ection, individual clones growing in nucleoside free 
alpha MEM and 10% dialyzed fetal calf serum (and therefore 
dhfr+) were isolated and analyzed for co-expression of CD4- 
gammal chimeric heavy chain homodimers by precipitation and 
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neutralization f infectivity of a fix d HIV inoculum 
(Figure 10) . In this later assay , approximately 10-25 Mg/ml 
of CD4-gammal as well as sCD4 were required to prevent 50% 
of the cultures from becoming infected by HIV* 

Further purification of CD4 -gamma 1 heavy chain homodimer was 
achieved using ion-exchange chromatography. The peak 
fraction from the protein A-sepharose column was applied to 
a 10ml S-sepharose fast flow column preequi libra ted with 
50mM BES pH 7*0, at a flow rate of 120ml/hr. After 
application of the sample, the column was extensively washed 
with 50mM BES pH 7.0 with increasing salt concentration (see 
materials and methods) . A single band of CD4-gammal heavy 
chain homodimer was specifically eluted from the column in 
50mM BES pH 7.0 containing 500mM NaCl. These peak fractions 
were pooled and analyzed by SDS-PAGE and silver staining 
under non-reducing conditions (Figure 11, lane 1) , and 
reducing conditions (Figure 11, lane 2) . When the purified 
CD4 -gamma 1 chimeric heavy chain homodimer was run on SDS- 
PAGE under reducing conditions, a doublet was observed which 
appeared to be due to differences in glycosylation of the 
CD4-gammal chimeric heavy chain homodimer (data not shown) . 

A CD4-IgGlHC chimeric heavy chain gene encoding a CD4-IgGl 
chimeric heavy chain was generated by ligating the leader- 
V1-V2 segment of the human CD4 cDNA to the CHI exon of the 
human IgGl heavy chain gene ( "Figure - 2 A) . In additionT~a 
CD4-kappa chimeric light chain gene encoding a CD4-kappa 
light chain was generated by ligating the leader-Vl-V2 
segment of the human CD4 cDNA to the constant domain of the 
kappa light chain gene (Figure 2A) . These CD4-IgGl chimeric 
heavy chain genes and CD4 -kappa chimeric light chain genes 
were designed to encode a CD4-IgGl chimeric heterotetramer , 
in which the CD4-IgGl heavy chain contains a CHI domain for 
efficient association with kappa light chains. 
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which are consistent with the relative pr dieted molecular 
masses of the CD4-IgGl chimeric heavy chains, and CD4-kappa 
chimeric light chains respectively (data not shown) . 
Further characterization has shown that the protein 
migrating at 210 kilodaltons on SDS-PAGE under non-reducing 
conditions contains both CD4-IgGl chimeric heavy chains and 
CD4 -kappa chimeric light chains which are covalently 
associated, while the protein migrating at 140 kilodaltons 
on SDS-PAGE under non-reducing conditions contains only CD4- 
IgGl chimeric heavy chains (Figure 12 B) . These data ar 
consistent with the predicted molecular weight for the 210 
kilodalton protein being comprised of 2 CD4-IgGl chimeric 
heavy chains and 2 CD4 -kappa chimeric light chains, 
covalently associated to form a molecule with the structure 
HjLj (H=heavy chain, L=light chain). Furthermore, the 140 
kilodalton protein seen on SDS-PAGE under non-reducing 
conditions is consistent with the predicted molecular weight 
of a CD4-IgGl chimeric homodimer with the structure H 2 . 
Taken together, these results indicate that a CHO cell line 
which expresses both CD4-IgGl chimeric heavy chains and CD4- 
kappa chimeric light chains is able to efficiently assemble 
and secrete CD4-IgGl chimeric heterotetramers . 
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What is claimed is : 

1. An expression vector encoding a CD4 -gamma 1 chimeric 
heavy chain homodimer designated CD4-IgGl-pcDNAl 
(ATCC No. 40951) . 

2. A CD4 -gamma 1 chimeric heavy chain homodimer encoded 
by the expression vector of claim 1. 

3. A method of producing a CD4 -gamma 1 chimeric heavy 
chain homodimer which comprises: 



10 



15 



20 



25 



30 



a) transfecting a mammalian cell with the 
expression vector of claim 1; 

b) culturing the resulting transfected mammalian 
cell under conditions such that chimeric heavy 
chain homodimer is produced; and 

c) recovering the chimeric heavy chain homodimer 
so produced. 

4. A method of claim 3, wherein the mammalian cell is 
a COS cell, CHO cell or myeloma cell. 

5. A method of inhibiting HIV infection of a CD4+ cell 
which comprises treating the CD4+ cell with an 
amount of the" CD4 -gamma 1 chimeric heavy chain 
homodimer of claim 2 effective to inhibit infection 
of the cell. 

6. A method of preventing a subject from being 
infected with HIV which comprises administering to 
the subject an amount of the CD4-gammal chimeric 
heavy chain homodimer of claim 2 effective to 
prevent the subject from being infected with HIV. 
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A CD4-IgGl chimeric heterotetramer, the heavy 
chains of which are encoded by the expression 
vector of claim 13 . 



A CD4-IgGl chimeric heterotetramer, the light 
chains of which are encoded by the expression 
vector of claim 14. 



A CD4-IgGl chimeric heterotetramer the heavy and 
the light chains of which are encoded by the 
expression vectors of claims 13 and 14 , 
respectively . 

A method of producing a CD4-lgGl chimeric 
heterotetramer which comprises: 

a) cotransf ecting a mammalian cell with th 
expression vector of claim 13 and an 
expression vector encoding a light chain; 



b) culturing the resulting cotransf ected 
mammalian cell under conditions such that th 
CD4-IgGl chimeric heterotetramer is produced; 
and 

c) recovering the CD4-IgGl chimeric 
heterotetramer so produced. 



A method of producing an CD4-IgGl chimeric 
heterotetramer which comprises: 



a) cotransf ecting a mammalian cell with the 
expression vector of claim 14 and an 
expression vector encoding an IgGl heavy chain 
and; 
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A meth d of treating a subject inf ct d with HIV so 
as to block the spr ad of HIV infection which 
comprises administering to the subject an amount of 
CD4-IgGl chimeric heterotetramer of claim 15, 16 or 
17 effective to block spread of HIV infection. 

A pharmaceutical composition which comprises the 
CD4-IgGl chimeric heterotetramer of claim 15, 16 or 
17 in an amount effective to inhibit HIV infection 
of a CD4+ cell and a pharmaceutical ly acceptable 
carrier. 

A composition of matter comprising a CD4-IgGl 
chimeric heterotetramer of claim 15, 16 or 17 and a 
toxin linked thereto. 

A composition of claim 26, wherein the toxin is th 
deglycosylated A chain of ricin, domains II or III 
of Pseudomonas exotoxin A, and Diphtheria toxin. 

A diagnostic reagent comprising a CD4-IgGl chimeric 
heterotetramer of claim 15, 16 or 17 and a 
detectable marker linked thereto. 

A diagnostic reagent of claim 28 wherein the 
detectable marker is a radioisotope, chromophore or 
fluorophore. 
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